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Clinical PerspectiveWhat Is New?It is unknown whether left atrial enlargement is associated with lower cognitive function.In this study of community‐based elderly individuals, although left atrial enlargement with atrial fibrillation was significantly associated with lower cognitive function in cross‐sectional analysis, left atrial enlargement, with or without atrial fibrillation, was not associated with greater cognitive decline over 5 years.What Are the Clinical Implications?Our findings caution us against relying solely on cross‐sectional analysis in evaluation of cognitive function.Future studies on this question should consider involving middle‐aged individuals, longer follow‐up duration, and evaluation of left atrial function.

 {#jah34512-sec-0008}

Atrial fibrillation (AF), a common sustained arrhythmia that affects \>2.7 million people in the United States, is associated with increased incidence of stroke, coronary heart disease, and heart failure.[1](#jah34512-bib-0001){ref-type="ref"}, [2](#jah34512-bib-0002){ref-type="ref"} More recently, compelling evidence has emerged to indicate that AF is also associated with greater risk of cognitive decline and dementia.[3](#jah34512-bib-0003){ref-type="ref"} Left atrial enlargement (LAE), commonly present in patients with AF, is also associated with increased incidence of stroke, coronary heart disease, and heart failure.[4](#jah34512-bib-0004){ref-type="ref"}, [5](#jah34512-bib-0005){ref-type="ref"}, [6](#jah34512-bib-0006){ref-type="ref"}, [7](#jah34512-bib-0007){ref-type="ref"} However, whether it is LAE or concomitant AF that is associated with lower cognitive function remains unclear.

A few studies have explored the association between LAE and cognitive function. van den Hurk et al found that higher left atrium (LA) volume index was associated with lower information‐processing speed.[8](#jah34512-bib-0008){ref-type="ref"} Karadag et al reported that LAE was associated with lower Mini‐Mental State Examination scores,[9](#jah34512-bib-0009){ref-type="ref"} and Alosco et al found that LAE was associated with reduced performance on the Repeatable Battery for the Assessment of Neuropsychological Status.[10](#jah34512-bib-0010){ref-type="ref"} All 3 studies were limited by small sample sizes, limited cognitive testing, cross‐sectional design, and not accounting for the effect of concomitant AF. In particular, cross‐sectional analysis is suboptimal because it cannot adequately control for all relevant characteristics that could differ among study participants.[11](#jah34512-bib-0011){ref-type="ref"}

Therefore, to better characterize the relationship between LAE and cognitive function, we performed comprehensive evaluation of the association of LAE with the cognitive domains of memory, executive function, language, and global cognition among participants, with and without AF, who were enrolled in the ARIC‐NCS (Atherosclerosis Risk in Communities Neurocognitive Study). We also performed a follow‐up evaluation to evaluate longitudinal cognitive decline.

Methods {#jah34512-sec-0009}
=======

The data, analytic methods, and study materials will be made available to other researchers for purposes of reproducing the results or replicating the procedure in accordance with ARIC study policies. Data are maintained by the ARIC study through the University of North Carolina Collaborative Studies Coordinating Center. Further information is available on the ARIC study website.

Study Population {#jah34512-sec-0010}
----------------

The ARIC study is a community‐based prospective cohort study with the overall aim of understanding the development of cardiovascular diseases and their risk factors in the general population.[12](#jah34512-bib-0012){ref-type="ref"} In 1987 to 1989, a total of 15 792 mostly black and white men and women, aged 45 to 64 years, were recruited from 4 communities in the United States: Forsyth County, North Carolina; Jackson, Mississippi; Minneapolis suburbs, Minnesota; and Washington County, Maryland. After a baseline examination (visit 1), participants completed 5 additional examinations in 1990 to 1992, 1993 to 1995, 1996 to 1998, 2011 to 2013, and 2016 to 2017 (visits 2--6, respectively).

ARIC‐NCS was an ancillary ARIC study designed to evaluate the role of midlife cardiovascular risk factors in determining late‐life cognitive decline and dementia. The details of this study have been previously described.[13](#jah34512-bib-0013){ref-type="ref"} Briefly, as part of ARIC‐NCS, 6538 participants attending the visit 5 examination in 2011 to 2013 underwent an extensive cognitive evaluation and underwent 2‐dimensional echocardiography examination as part of the main ARIC study. We excluded 1036 participants who had missing cognitive scores, inadequate echocardiographic information, or missing covariates at visit 5, yielding a final cross‐sectional sample size of 5502. In 2016 to 2017, 4003 participants took part in ARIC study visit 6. An additional 612 participants were excluded because of missing repeated cognitive scores, yielding a final longitudinal analysis sample size of 3391. Figure [1](#jah34512-fig-0001){ref-type="fig"} shows the flow of study participants.

![Flow diagram of study participants. ARIC‐NCS indicates Atherosclerosis Risk in Communities Neurocognitive Study; LA, left atrium.](JAH3-8-e013197-g001){#jah34512-fig-0001}

The ARIC study and ARIC‐NCS have been approved by institutional review boards at all participating institutions. Participants provided written informed consent before being examined.

Study Variables {#jah34512-sec-0011}
---------------

### Measures of cognitive function {#jah34512-sec-0012}

A neuropsychological test battery was administered to participants by trained examiners in a standardized order during one session in a quiet room. Examiner performance was monitored by audiotape recording. Recordings were reviewed locally and shared across centers to ensure consistency with testing procedures and standardization across study sites. The specific cognitive tests used in our study and the method in which they were standardized and combined were described in detail previously.[14](#jah34512-bib-0014){ref-type="ref"}, [15](#jah34512-bib-0015){ref-type="ref"} Briefly, for the memory cognitive domain, tests were Delayed Word Recall, immediate and delayed Logical Memory, and Incidental Learning (from Wechsler Memory Scale--III). For the executive function domain, tests were Digit Symbol Substitution and Digit Span Backwards (from Wechsler Adult Intelligence Scale--Revised) and Trail Making Test parts A and B. For the language cognitive domain, tests were Word Finding (or Controlled Oral World Association Test), Animal Naming, and Boston Naming Test. We then used factor analysis to derive scores for memory, executive function, language, and global cognition (a scaled combination of the 3 different cognitive domains). This structured approach for describing common covariation among a set of observed indicators leverages data from multiple cognitive tests to provide more robust measures of domain‐specific function than those provided by individual tests.[16](#jah34512-bib-0016){ref-type="ref"} The interpretation of our factor scores is similar to *Z* scores because they were scaled to have a mean of 0 and a variance of 1. Finally, to define mild cognitive impairment or dementia among participants, a panel of neurologists and neuropsychologists reviewed the aforementioned cognitive tests and followed diagnostic criteria proposed by the National Institute of Aging--Alzheimer\'s Association workgroups.[13](#jah34512-bib-0013){ref-type="ref"}

### Echocardiography and LAE {#jah34512-sec-0013}

LA size was assessed with 2‐dimensional echocardiography during visit 5. The design and quality control details have been described previously.[17](#jah34512-bib-0017){ref-type="ref"} Size measurement was performed at the end of systole using biplane disk summation and indexed to body surface area to derive an LA volume index per American Society of Echocardiography guidelines.[18](#jah34512-bib-0018){ref-type="ref"} LAE was defined as left atrial volume index ≥34 mL/m^2^ and used as a categorical variable for analysis.

### Prevalent AF {#jah34512-sec-0014}

Prevalent AF at visit 5 was ascertained using 12‐lead ECG performed during study visits 1 to 5 and previous hospitalization for AF based on *International Classification of Diseases, Ninth Revision, Clinical Modification* (*ICD‐9‐CM*) codes 427.31 or 427.32.[19](#jah34512-bib-0019){ref-type="ref"} Presence or absence of AF was used as a binary variable for analysis.

### Covariates {#jah34512-sec-0015}

The following covariates were collected and included in the adjustment model as they were believed to represent strong confounders in the association between LAE and cognitive scores: age, sex, race (black or white), study center, educational level (high school graduate versus not), apolipoprotein E genotype (0, 1, or 2 ε4 alleles), smoking (never, former, or current), body mass index, systolic and diastolic blood pressure, use of antihypertensive medication, use of anticoagulants, diabetes mellitus, stroke, coronary heart disease or myocardial infarction, and heart failure. Hypertension was defined as systolic blood pressure of ≥140 mm Hg, diastolic blood pressure of ≥90 mm Hg, or use of blood pressure--lowering medications. Diabetes mellitus was defined as a fasting glucose level of ≥126 mg/dL or a nonfasting glucose level of ≥200 mg/dL, a self‐reported physician diagnosis of diabetes mellitus, or use of diabetes mellitus medications. Stroke was self‐reported at visit 1 and then defined by subsequent reported incidences by annual telephone interviews, visit examination, ARIC study community hospital records, physician questionnaires, and informant interviews. Coronary heart disease was defined by self‐reported physician diagnoses at visit 1, evidence of myocardial infarction on ECG, and adjudicated cases between visit 1 and visit 5. Heart failure was defined according to Gothenburg criteria, an *ICD‐9* code of 428.x from hospitalization records, a previously identified heart failure diagnosis, or reported use of heart failure medications within the previous 2 weeks before the examination.[20](#jah34512-bib-0020){ref-type="ref"}

Statistical Analysis {#jah34512-sec-0016}
--------------------

We categorized participants into 4 groups: group 1 (reference group), participants without AF and without LAE; group 2, participants with AF but without LAE; group 3, participants with LAE but without AF; and group 4, participants with LAE and with AF. For cross‐sectional analysis, we used general linear models to assess the association of LAE and AF cognitive domain factor scores at visit 5. Longitudinal change in cognitive domain factor scores was computed as an absolute difference between cognitive domain factor scores at visit 5 and visit 6. We used general linear models to assess the association of LAE and AF with longitudinal change in cognitive domain factor scores. For both cross‐sectional and longitudinal analyses, model 1 was adjusted for age, sex, race study center, and educational level. Model 2 was additionally adjusted for apolipoprotein E genotype, smoking status, body mass index, systolic and diastolic blood pressure, use of antihypertensive medication, diabetes mellitus, stroke, coronary heart disease or myocardial infarction, and heart failure. Model 3 was additionally adjusted for use of vitamin K antagonists or direct oral anticoagulants.

To account for attrition between visit 5 and visit 6, we conducted a sensitivity analysis using inverse probability of attrition weights (model 4). The weights for each individual were calculated at visit 5 and visit 6 using the inverse of the estimated probabilities of being alive at the time of follow‐up and attending the visit given that the participant was alive. The weights were stabilized by the baseline variables of age, sex, race, study center, and apolipoprotein E genotype. In addition, to account for differences in cognitive function at baseline, we adjusted for cognitive domain scores at visit 5 (model 5).

We conducted a secondary analysis to evaluate the association between LAE and change in cognitive function, with and without adjustment for AF. Model 1 was adjusted for age, sex, race study center, and educational level. Model 2 was additionally adjusted for apolipoprotein E genotype, smoking status, body mass index, systolic and diastolic blood pressure, use of antihypertensive medication, diabetes mellitus, stroke, coronary heart disease or myocardial infarction, heart failure, and use of an anticoagulant. Model 3 was additionally adjusted for AF. A sensitivity analysis of model 3 using inverse probability of attrition weights was also conducted (model 4).

All analyses were performed using SAS, Version 9.4 (SAS Inc, Cary, NC), or STATA 14.0 (StataCorp LP, College Station, TX). We report means with SDs for continuous variables and counts with percentages for categorical variables. All *P* values reported were 2 sided, and the statistical significance threshold was set as *P*\<0.05.

Results {#jah34512-sec-0017}
=======

Study Population {#jah34512-sec-0018}
----------------

Table [1](#jah34512-tbl-0001){ref-type="table"} lists the clinical characteristics of our analysis cohort at visit 5. The mean age of participants was 74.4 years (SD, 5.1 years); 59% were women, and 21% were black. The prevalence of AF was 6%, and the prevalence of LAE was 13%. Mean (SD) cognitive domain scores at baseline are also provided in Table [1](#jah34512-tbl-0001){ref-type="table"}. Compared with the other groups, there were more men in group 4 (LAE and AF). In addition, group 4 participants had the highest LA volume index and the highest prevalence of stroke, coronary heart disease, and heart failure. Notably, mean unadjusted cognitive scores in every cognitive domain at visit 5 were lower in group 4 than in all other groups. Unadjusted cognitive domain scores were lower in all groups at the follow‐up visit 6 than during visit 5; this is represented visually in Figure [2](#jah34512-fig-0002){ref-type="fig"}.

###### 

Participant Characteristics by LAE and AF Status, Visit 5 (2011--2013), ARIC‐NCS

  Characteristics                                Group 1       Group 2       Group 3       Group 4       *P* Value
  ---------------------------------------------- ------------- ------------- ------------- ------------- -----------
  No.                                            2842          107           337           105           ...
  Age, mean (SD), y                              74 (5)        77 (5)        76 (5)        77 (4)        \<0.0001
  Female sex, n (%)                              1737 (61)     58 (54)       171 (51)      42 (40)       \<0.0001
  Black race, n (%)                              627 (22)      8 (7)         74 (22)       8 (8)         \<0.0001
  Less than high school education, n (%)         291 (10)      9 (8)         43 (13)       12 (11)       0.64
  Current smoker, n (%)                          154 (5)       6 (6)         13 (4)        1 (1)         0.03
  Body mass index, mean (SD), kg/m^2^            29 (6)        30 (6)        29 (5)        30 (6)        0.06
  Systolic blood pressure, mean (SD), mm Hg      129 (17)      125 (16)      132 (19)      126 (20)      \<0.0001
  Diastolic blood pressure, mean (SD), mm Hg     67 (10)       66 (10)       64 (11)       63 (13)       \<0.0001
  Antihypertensive use, n (%)                    2015 (71)     91 (85)       273 (81)      95 (90)       \<0.0001
  Anticoagulant use, n (%)                       63 (2)        41 (38)       13 (4)        76 (72)       \<0.0001
  Diabetes mellitus, n (%)                       810 (29)      37 (35)       91 (27)       37 (35)       0.21
  Prevalent stroke, n (%)                        64 (2)        6 (6)         19 (6)        11 (10)       \<0.0001
  CHD/MI, n (%)                                  328 (12)      27 (25)       60 (18)       32 (30)       \<0.0001
  Heart failure, n (%)                           61 (2)        18 (17)       13 (4)        31 (30)       \<0.0001
  Left atrial volume index, mean (SD), mL/m^2^   23 (5)        26 (5)        39 (5)        44 (8)        \<0.0001
  Dementia, n (%)                                25 (1)        2 (2)         6 (2)         1 (1)         0.35
  Mild cognitive impairment, n (%)               474 (17)      18 (17)       49 (15)       25 (24)       0.18
  Cognitive domain score, mean (SD)                                                                      
  Memory                                                                                                 
  Visit 5                                        0.24 (0.7)    0.06 (0.7)    0.08 (0.8)    0.02 (0.7)    \<0.0001
  Visit 6                                        0.02 (0.8)    −0.13 (0.8)   −0.15 (0.8)   −0.26 (0.7)   \<0.0001
  Executive function                                                                                     
  Visit 5                                        0.26 (0.8)    0.23 (0.7)    0.07 (0.9)    −0.07 (0.6)   \<0.0001
  Visit 6                                        −0.06 (0.9)   −0.23 (0.7)   −0.23 (0.9)   −0.42 (0.7)   \<0.0001
  Language                                                                                               
  Visit 5                                        0.22 (0.8)    0.28 (0.8)    0.12 (0.8)    0.05 (0.7)    0.02
  Visit 6                                        0.03 (0.8)    −0.06 (0.8)   −0.10 (0.8)   −0.21 (0.8)   \<0.0001
  Global cognition                                                                                       
  Visit 5                                        0.31 (0.8)    0.29 (0.7)    0.12 (0.8)    0.03 (0.6)    \<0.0001
  Visit 6                                        0.01 (0.9)    −0.14 (0.7)   −0.17 (0.9)   −0.33 (0.7)   0.001

*P* values calculated using χ^2^ or ANOVA tests. AF indicates atrial fibrillation; ARIC‐NCS, Atherosclerosis Risk in Communities Neurocognitive Study; CHD, coronary heart disease; LA, left atrium; LAE, left atrial enlargement; MI, myocardial infarction.

John Wiley & Sons, Ltd

![Unadjusted cognitive domain scores at ARIC‐NCS (Atherosclerosis Risk in Communities Neurocognitive Study) visit 5 and visit 6. **A**, Memory domain scores. **B**, Executive function scores. **C**, Language domain scores. **D**, Global cognition scores. The line through each box plot indicates the median value, whereas the 75th and 25th percentiles are depicted by the edges of each box. A dotted reference line is at 0. The whiskers extend to lower quartile---1.5 interquartile range (IQR) and upper quartile---1.5 IQR. There were few outside values; therefore, they were not plotted. AF indicates atrial fibrillation; LA, left atrium; LAE, left atrial enlargement.](JAH3-8-e013197-g002){#jah34512-fig-0002}

Association of LAE and AF With Cognitive Function {#jah34512-sec-0019}
-------------------------------------------------

Table [2](#jah34512-tbl-0002){ref-type="table"} shows the cross‐sectional association of LAE and AF with cognitive domain scores at visit 5. Compared with participants without LAE or AF (group 1), those with LAE and prevalent AF (group 4) had significantly lower cognitive domain scores in executive function, language, and global cognition, even after adjusting for cardiovascular risk factors and anticoagulant use. Compared with group 1, LAE without AF (group 3) was not associated with lower cognitive domain scores after multivariable adjustment. Finally, prevalent AF without LAE (group 2) also was not associated with lower cognitive domain scores when compared with group 1.

###### 

Association of LAE and AF Status With Baseline Cognitive Domain Scores, Visit 5 (2011--2013), ARIC‐NCS

  Cognitive Domain     Model   Group 1     Group 2                                                        Group 3                                                         Group 4
  -------------------- ------- ----------- -------------------------------------------------------------- --------------------------------------------------------------- ---------------------------------------------------------------
  Memory               1       Reference   −0.12 (−0.25 to 0.01)                                          −0.04 (−0.11 to 0.04)                                           −0.08 (−0.21 to 0.05)
                       2       Reference   −0.13 (−0.26 to 0.01)                                          −0.03 (−0.10 to 0.05)                                           −0.07 (−0.20 to 0.07)
                       3       Reference   −0.13 (−0.27 to 0.01)                                          −0.03 (−0.10 to 0.05)                                           −0.07 (−0.23 to 0.08)
                       4       Reference   −0.14 (−0.26 to −0.01)                                         −0.06 (−0.13 to 0.01)                                           −0.06 (−0.21 to 0.08)
  Executive function   1       Reference   −0.05 (−0.17 to 0.07)                                          −0.08 (−0.15 to −0.01)[a](#jah34512-note-0003){ref-type="fn"}   −0.28 (−0.40 to −0.15)[a](#jah34512-note-0003){ref-type="fn"}
                       2       Reference   −0.01 (−0.14 to 0.11)                                          −0.05 (−0.12 to 0.02)                                           −0.20 (−0.33 to −0.07)[a](#jah34512-note-0003){ref-type="fn"}
                       3       Reference   −0.04 (−0.17 to 0.09)                                          −0.04 (−0.12 to 0.02)                                           −0.25 (−0.40 to −0.10)[a](#jah34512-note-0003){ref-type="fn"}
                       4       Reference   −0.04 (−0.16 to 0.08)                                          −0.07 (−0.14 to −0.01)                                          −0.24 (−0.38 to −0.10)[a](#jah34512-note-0003){ref-type="fn"}
  Language             1       Reference   0.03 (−0.10 to 0.16)                                           −0.02 (−0.09 to 0.06)                                           −0.16 (−0.29 to −0.03)[a](#jah34512-note-0003){ref-type="fn"}
                       2       Reference   0.04 (−0.09 to 0.17)                                           −0.01 (−0.08 to 0.07)                                           −0.14 (−0.27 to −0.01)[a](#jah34512-note-0003){ref-type="fn"}
                       3       Reference   −0.01 (−0.14 to 0.13)                                          −0.01 (−0.08 to 0.07)                                           −0.23 (−0.38 to −0.07)
                       4       Reference   −0.01 (−0.14 to 0.12)                                          −0.03 (−0.10 to 0.04)                                           −0.22 (−0.36 to −0.07)
  Global cognition     1       Reference   −0.04 (−0.15 to 0.08)                                          −0.07 (−0.14 to −0.01)[a](#jah34512-note-0003){ref-type="fn"}   −0.23 (−0.35 to −0.12)[a](#jah34512-note-0003){ref-type="fn"}
                       2       Reference   −0.02 (−0.13 to 0.10)                                          −0.04 (−0.11 to 0.02)                                           −0.18 (−0.30 to −0.06)[a](#jah34512-note-0003){ref-type="fn"}
                       3       Reference   −0.04 (−0.17 to 0.08)[a](#jah34512-note-0003){ref-type="fn"}   −0.04 (−0.11 to 0.02)                                           −0.24 (−0.38 to −0.10)[a](#jah34512-note-0003){ref-type="fn"}
                       4       Reference   −0.05 (−0.16 to 0.06)                                          −0.07 (−0.13 to −0.01)                                          −0.23 (−0.36 to −0.11)[a](#jah34512-note-0003){ref-type="fn"}

Model 1, adjusted for age, sex, race/study center, and educational level. Model 2, model 1+apolipoprotein E genotype, smoking, body mass index, systolic and diastolic blood pressure, use of antihypertensive medication, diabetes mellitus, stroke, coronary heart disease or myocardial infarction, and heart failure. Model 3, model 2+anticoagulant use. Model 4, model 3+adjustment for mild cognitive impairment and dementia. Data represented are changes in factor scores. AF indicates atrial fibrillation; ARIC‐NCS, Atherosclerosis Risk in Communities Neurocognitive Study; LA, left atrium; LAE, left atrial enlargement.

Indicates a significant association (95% CI below zero).

John Wiley & Sons, Ltd

Table [S1](#jah34512-sup-0001){ref-type="supplementary-material"} shows the cross‐sectional association between LAE and cognitive domain scores at visit 5, with and without adjusting for AF. Participants with LAE had lower executive and global cognitive function than participants with normal LA size, even after adjustment for confounders and AF.

In addition, we evaluated the association of LAE and AF at visit 5 with cognitive domain scores at visit 6 (Table [S2](#jah34512-sup-0001){ref-type="supplementary-material"}). Although group 4 (LAE/AF) was associated with lower executive function and global cognition domain scores at visit 6, after adjustment for cognitive domain scores at visit 5, the associations were no longer significant. In addition, participants in group 2 (normal LA/AF) had lower executive function and global cognition domain scores at visit 6, even after adjustment for cognitive domain scores at visit 5. Table [S3](#jah34512-sup-0001){ref-type="supplementary-material"} shows the association between LAE and AF at visit 5 with cognitive domain scores at visit 6, with and without adjusting for AF. Consistent with our findings in Table [S2](#jah34512-sup-0001){ref-type="supplementary-material"}, compared with normal LA, participants with LAE at visit 5 did not have lower cognitive domain scores at visit 6.

Association of LAE and AF With Cognitive Function Decline {#jah34512-sec-0020}
---------------------------------------------------------

Table [3](#jah34512-tbl-0003){ref-type="table"} shows the association of LAE and AF with longitudinal change in cognitive domain scores between visit 5 and visit 6 (2011--2017). Compared with group 1, AF without LAE (group 2) had greater decline in cognitive domain scores in executive function, language, and global cognition, even after multivariable adjustment. However, participants with LAE, with or without AF (group 3 and 4), did not have significantly greater decline in cognitive domain scores compared with group 1.

###### 

Association of LAE and AF Status With Longitudinal Change in Cognitive Domain Scores Between Visit 5 (2011--2013) and Visit 6 (2016--2017), ARIC‐NCS

  Cognitive Domain     Model   Group 1     Group 2                                                         Group 3                 Group 4
  -------------------- ------- ----------- --------------------------------------------------------------- ----------------------- -----------------------
  Memory               1       Reference   0.05 (−0.07 to 0.16)                                            −0.01 (−0.07 to 0.06)   −0.03 (−0.14 to 0.08)
                       2       Reference   0.06 (−0.06 to 0.17)                                            −0.01 (−0.08 to 0.05)   −0.01 (−0.13 to 0.10)
                       3       Reference   0.05 (−0.06 to 0.17)                                            −0.01 (−0.08 to 0.05)   −0.02 (−0.16 to 0.11)
                       4       Reference   0.06 (−0.05 to 0.17)                                            −0.01 (−0.08 to 0.05)   −0.02 (−0.14 to 0.11)
                       5       Reference   0.02 (−0.08 to 0.12)                                            −0.02 (−0.08 to 0.04)   −0.03 (−0.15 to 0.08)
                       6       Reference   0.02 (−0.09 to 0.12)                                            −0.03 (−0.09 to 0.03)   −0.04 (−0.15 to 0.08)
  Executive function   1       Reference   −0.13 (−0.23 to −0.04)[a](#jah34512-note-0005){ref-type="fn"}   0.02 (−0.04 to 0.07)    0.01 (−0.09 to 0.10)
                       2       Reference   −0.13 (−0.22 to −0.03)[a](#jah34512-note-0005){ref-type="fn"}   0.01 (−0.04 to 0.07)    −0.01 (−0.10 to 0.10)
                       3       Reference   −0.13 (−0.23 to −0.03)[a](#jah34512-note-0005){ref-type="fn"}   0.01 (−0.04 to 0.07)    −0.01 (−0.12 to 0.12)
                       4       Reference   −0.15 (−0.24 to −0.05)[a](#jah34512-note-0005){ref-type="fn"}   0.01 (−0.04 to 0.07)    0.01 (−0.10 to 0.11)
                       5       Reference   −0.16 (−0.25 to −0.07)[a](#jah34512-note-0005){ref-type="fn"}   0.01 (−0.05 to 0.06)    −0.05 (−0.16 to 0.05)
                       6       Reference   −0.16 (−0.25 to −0.07)[a](#jah34512-note-0005){ref-type="fn"}   0.01 (−0.06 to 0.05)    −0.06 (−0.16 to 0.04)
  Language             1       Reference   −0.13 (−0.23 to −0.03)[a](#jah34512-note-0005){ref-type="fn"}   −0.02 (−0.08 to 0.04)   −0.04 (−0.14 to 0.06)
                       2       Reference   −0.13 (−0.23 to −0.03)[a](#jah34512-note-0005){ref-type="fn"}   −0.02 (−0.08 to 0.04)   −0.03 (−0.13 to 0.08)
                       3       Reference   −0.12 (−0.22 to −0.01)[a](#jah34512-note-0005){ref-type="fn"}   −0.02 (−0.08 to 0.04)   −0.01 (−0.13 to 0.11)
                       4       Reference   −0.11 (−0.21 to −0.01)[a](#jah34512-note-0005){ref-type="fn"}   −0.02 (−0.08 to 0.04)   −0.01 (−0.12 to 0.10)
                       5       Reference   −0.12 (−0.21 to −0.03)[a](#jah34512-note-0005){ref-type="fn"}   −0.02 (−0.08 to 0.03)   −0.06 (−0.16 to 0.05)
                       6       Reference   −0.12 (−0.21 to −0.03)[a](#jah34512-note-0005){ref-type="fn"}   −0.03 (−0.08 to 0.03)   −0.06 (−0.17 to 0.04)
  Global cognition     1       Reference   −0.11 (−0.19 to −0.02)[a](#jah34512-note-0005){ref-type="fn"}   0.02 (−0.03 to 0.07)    −0.02 (−0.11 to 0.06)
                       2       Reference   −0.10 (−0.18 to −0.02)[a](#jah34512-note-0005){ref-type="fn"}   0.02 (−0.03 to 0.07)    −0.02 (−0.11 to 0.06)
                       3       Reference   −0.11 (−0.20 to −0.02)[a](#jah34512-note-0005){ref-type="fn"}   0.02 (−0.03 to 0.07)    −0.04 (−0.14 to 0.06)
                       4       Reference   −0.13 (−0.21 to −0.05)[a](#jah34512-note-0005){ref-type="fn"}   0.02 (−0.03 to 0.07)    −0.04 (−0.13 to 0.05)
                       5       Reference   −0.13 (−0.21 to −0.06)[a](#jah34512-note-0005){ref-type="fn"}   0.01 (−0.03 to 0.06)    −0.07 (−0.16 to 0.02)
                       6       Reference   −0.14 (−0.22 to −0.06)[a](#jah34512-note-0005){ref-type="fn"}   0.01 (−0.04 to 0.05)    −0.07 (−0.16 to 0.01)

Model 1, adjusted for age, sex, race/study center, and educational level. Model 2, model 1+apolipoprotein E genotype, smoking, body mass index, systolic and diastolic blood pressure, use of antihypertensive medication, diabetes mellitus, stroke, coronary heart disease or myocardial infarction, and heart failure. Model 3, model 2+anticoagulant use. Model 4, model 3+takes into account inverse probability of attrition weights. Model 5, model 4+adjustment for baseline scores at visit 5. Model 6, model 5+adjustment for mild cognitive impairment and dementia. Data represented are changes in factor scores. AF indicates atrial fibrillation; ARIC‐NCS, Atherosclerosis Risk in Communities Neurocognitive Study; LA, left atrium; LAE, left atrial enlargement.

Indicates a significant association (95% CI below zero).

John Wiley & Sons, Ltd

Of participants who attended visit 5, only 62% returned for visit 6 and had a complete cognitive evaluation. To account for potential bias caused by attrition, we conducted a sensitivity analysis using inverse probability of attrition weights; our results were essentially unchanged (model 4). Furthermore, to account for the difference in baseline cognitive domain scores among groups at visit 5, we additionally adjusted for cognitive domain scores at visit 5; our results remained unchanged (model 5).

Discussion {#jah34512-sec-0021}
==========

In a large community‐based cohort study that comprised elderly individuals, based on cross‐sectional analysis, participants with LAE and AF had lower cognitive performance in executive function and language domain than those with normal LA size and without AF. However, after a longitudinal follow‐up of 5 years, these participants (with LAE and AF) did not have greater cognitive decline, compared with those with normal LA size and without AF. In contrast, in the same 5‐year follow‐up, participants with AF and normal LA size had greater longitudinal decline in executive, language, and global cognitive function compared with those with normal LA size and without AF.

The association between AF and cognitive decline has been extensively reported,[3](#jah34512-bib-0003){ref-type="ref"}, [21](#jah34512-bib-0021){ref-type="ref"}, [22](#jah34512-bib-0022){ref-type="ref"}, [23](#jah34512-bib-0023){ref-type="ref"} and a few small studies have also evaluated the association between LA size and cognitive function. van den Hurk et al found an association between higher LA volume index and lower information‐processing and executive functioning, but did not account for AF nor assess the association with longitudinal change in cognitive function.[8](#jah34512-bib-0008){ref-type="ref"} Karadag et al reported a cross‐sectional association between LAE and lower Mini‐Mental State Examination scores in patients with sinus rhythm, but did not evaluate specific cognitive domains nor assess association with longitudinal change in cognitive function.[9](#jah34512-bib-0009){ref-type="ref"} Yet, another cross‐sectional study found that greater LA diameter was associated with lower language and memory scores, but it only involved 50 participants and it did not assess longitudinal change in cognitive performance.[10](#jah34512-bib-0010){ref-type="ref"}

Our study advances the field on several fronts. We comprehensively evaluated cognitive function by performing a battery of tests in specific cognitive domains: memory, executive, and language. Furthermore, by categorizing our study participants into 4 groups, we were able to evaluate separately the effects of LAE and AF in stratified analysis and not only rely on statistical adjustment for AF. By doing so, we identified a cross‐sectional association between LAE and AF (when both conditions are present) and lower cognitive function. However, in longitudinal analysis, LAE, with or without AF, was not associated with greater cognitive decline over 5 years. Our additional longitudinal cognitive analysis highlights the limitations of relying only on cross‐sectional analysis: even with multivariable adjustment, cross‐sectional analysis cannot adequately control for all relevant characteristics that could differ among study participants at a single time point. Finally, although we did not observe a decline in cognitive performance in participants with LAE, we confirmed the established relationship of AF to greater cognitive decline in the executive and language domains, as reported by Nishtala et al in the Framingham and Offspring cohort.[24](#jah34512-bib-0024){ref-type="ref"}

There are several potential limitations that may have bearing on our findings. First, AF was identified from hospitalization discharges and study ECGs; thus, we could have missed asymptomatic AF or AF managed exclusively in an outpatient setting. However, we and others have previously shown that the validity of AF ascertainment using hospitalizations is acceptable and that incidence rates of AF in the ARIC study are consistent with other population‐based studies.[2](#jah34512-bib-0002){ref-type="ref"}, [19](#jah34512-bib-0019){ref-type="ref"} Second, data on AF duration are not available in the ARIC study; hence, we were not able to account for the possible effect of AF duration.[25](#jah34512-bib-0025){ref-type="ref"} Third, we defined LAE as LA volume index ≥34 mL/m^2^ during a single echocardiographic measurement at visit 5 and used it as a categorical variable for analysis; it is possible this may have contributed to a type 2 error. Fourth, it is possible that we were underpowered to detect an association between LAE and greater cognitive decline (the number of participants with both LAE and AF was 105). To overcome this limitation, we conducted a secondary analysis to assess the association of LAE with longitudinal change in cognitive function, adjusting for AF (the number of participants with LAE was higher; n=442). Once again, we did not find a significant relationship between LAE and greater longitudinal cognitive decline in the secondary analysis (Table [S4](#jah34512-sup-0001){ref-type="supplementary-material"}). Fifth, compared with the groups 1 to 3, the cognitive domain scores in participants with LAE and AF were the lowest for both at visit 5. Hence, the lower absolute cognitive scores in participants with LAE and AF may have precluded detection of further cognitive decline. To address this concern, we adjusted for baseline cognitive scores, and our results remain unchanged. Sixth, the length of follow‐up for our current study was 5 years; this follow‐up time may not be long enough to detect changes in decreased baseline cognitive function. Sixth, our study was composed of elderly individuals; it may well be that LAE is associated with greater cognitive decline in middle‐aged but not elderly individuals. Finally, we acknowledge that although ARIC study participants at inception of the cohort reflected the general population 30 years ago, participants surviving to visit 5 and 6 may be somewhat healthier than a similar‐age community. Finally, we only evaluated LA size and did not assess LA function. Kamel et al have previously demonstrated that LA dysfunction, as measured by increased *P*‐wave terminal force in lead V1, was associated with increased risk of stroke.[26](#jah34512-bib-0026){ref-type="ref"} It is, therefore, possible that LA dysfunction may play a greater role in cognitive decline rather than LA size.

On the basis of a large community‐based cohort study, we did not find LAE to be significantly associated with greater cognitive decline. Additional studies of middle‐aged to late age individuals with longer follow‐up are needed to confirm our findings. Future studies should also evaluate LA function in relation to change in cognitive performance.
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